Youth (including both childhood and adolescence) is a period when the brain undergoes dramatic remodeling and is also a time when neuropsychiatric conditions often emerge. Many of these illnesses have substantial sex differences in prevalence, suggesting that sex differences in brain development may underlie differential risk for psychiatric symptoms between males and females. Substantial evidence documents sex differences in brain structure and function in adults, and accumulating data suggests that these sex differences may be present or emerge during development. Here we review the evidence for sex differences in brain structure, white matter organization, and perfusion during development. We then use these normative differences as a framework to understand sex differences in brain development associated with psychopathology. In particular, we focus on sex differences in the brain as they relate to anxiety, depression, psychosis, and attention-deficit/hyperactivity symptoms. Finally, we highlight existing limitations, gaps in knowledge, and fertile avenues for future research. 
INTRODUCTION
Youth (including both childhood and adolescence) is a period when the brain undergoes dramatic remodeling. Adolescence is further marked by hormonally induced changes in both the body and the brain [1] [2] [3] [4] . During this period of remodeling and growth, psychiatric symptoms frequently emerge, leading many neuropsychiatric disorders to be re-conceptualized as disorders of brain development. Notably, many of the disorders which begin during childhood and adolescence have prominent sex differences in their prevalence [5] [6] [7] [8] [9] [10] . For example, mood and anxiety disorders are almost twice as common in females [6, 7, 11] , while attention deficit/hyperactivity disorder is 2.4 times more common in males [12] .
Such striking epidemiological disparities in psychiatric disorder prevalence have prompted efforts to understand how sex differences in brain development may confer differential risk or resilience for specific symptom domains. Extensive research has established the presence of sex differences in brain structure and function in adults [13] , and accumulating evidence is now available regarding the developmental evolution of such sex differences during development [14, 15] . Such normative data is a critical prerequisite for understanding abnormalities associated with different types of psychopathology.
The purpose of the current review is two-fold. First, we review the evidence for normative sex differences in brain development in youth. In particular, we describe how the development of brain structure (as measured using T1-weighted magnetic resonance imaging), white matter organization (as measured by diffusion imaging), and cerebral blood flow (measured using arterial spinlabeled MRI) differ between males and females during development. Second, we use these normative sex differences as a framework to understand differences between males and females in psychopathology. In particular, we focus on sex differences in the brain as they relate to types of psychopathology with prominent sex differences in their burden in the population, including anxiety, depression, psychosis, and attention-deficit/ hyperactivity symptoms. Of note, in this review we focus on statistically significant sex differences between males and females. Finally, we highlight existing limitations, gaps in knowledge, and fertile avenues for future research.
SEX DIFFERENCES IN BRAIN STRUCTURE: T1-WEIGTHED IMAGING Total brain volume
Total brain volume provides a global index that shows striking changes during development. In humans, the third trimester of pregnancy represents a time of rapid growth, with total brain volume increasing approximately 5-fold in size [16] . During this time, there is accelerated neuron production, migration, and differentiation, as well as the formation of gyri and sulci [16, 17] . Changes in the size and organization of the brain continue after birth and by the age of 2 years, a child's brain is about 80% of the size of the adult brain [18] . Although the size of the brain increases dramatically following birth, there is much less change in total brain size thereafter [17] .
The most consistent sex difference reported in terms of total brain volume is the finding of larger overall brain sizes in males compared to females, which is apparent across development and into adulthood. Brain sizes are about 9-12% larger in male children [15, [19] [20] [21] , adolescents [15, [19] [20] [21] [22] , and adults [14, 15, 21, 23, 24] . In terms of longitudinal trajectories, there is some evidence that females reach their peak value of brain volume earlier than males [25, 26] . However, some cross-sectional work finds that the difference between males and females in terms of total brain volume is relatively consistent across the age range [20] . Leveraging over 1250 longitudinally acquired brain scans from 647 healthy individuals aged 3 to 30 years, Raznahan and colleagues showed that differences in cortical volumes depend on the complex interaction between cortical thickness, convex hull area (the area of exposed cortical surface), and gyrification or the folding of the brain's surface [27] (Fig. 1a) . In a cross-sectional sample of 1189 youth ages 8 to 23 years, Gennatas and colleagues further showed that not only is total gray matter volume larger in males than females across development, but that estimated gray matter mass is also greater in males [21] (Fig. 1b) . Fig. 1 Female youth generally show smaller volumes than male youth (uncorrected for total brain size) while males show greater variability in brain volumes than females. a Sex differences in cortical volumes depend on the complex interaction between cortical thickness, convex hull area, and gyrification (adapted with permission from ref. [27] ). b Male youth show greater gray matter volume (GMV) and gray matter mass (GMM) than female youth, where GMM = GMV × GMD. Brain maps indicate the percentage net change explained by sex (adapted with permission from ref. [21] ). c Males show greater brain volume variance than females across multiple structures (adapted with permission from ref. [48] )
Cerebral gray matter and white matter volume Beyond total brain size, brain volume can be divided into cerebral gray and white matter using segmentation techniques. Gray matter consists of neuronal cell bodies, glial cells, dendrites, unmylenated axons, and synapses, but relatively few myelinated axons. In contrast, white matter consists of relatively few cell bodies and many myelinated axons, giving rise to white matter's lighter appearance. Brain development from the fetal period through childhood, adolescence, and young adulthood is characterized by increased myelination and simultaneous pruning of synapses and axons [17] . Thus, in general, cerebral gray matter volumes increase with increasing brain volumes in early childhood, followed by a decrease during later development, while cerebral white matter volume tends to increase consistently over development [19] [20] [21] 28] . However, it remains unclear whether these reductions in gray matter are due to maturational processes related to pruning or intracortical myelination [29] . Longitudinal studies reveal a nonlinear pattern of gray matter volume development during youth, with pre-adolescent increases in cortical gray matter volume followed by postadolescent decreases [25, 30] . In contrast, cerebral white matter volume shows a relatively linear increase from childhood to young adulthood in both longitudinal and cross-sectional studies [19, 25, 31] .
Consistent with males having larger total brain volumes, uncorrected white and gray matter volumes are also larger in males [23] . Conversely, females have been reported to have a greater ratio of gray matter to white matter than males [23, [32] [33] [34] . However, these studies relied on relatively small samples. Other studies place less emphasis on gray-white matter ratios and instead focus on sex differences in developmental trends. Males show greater age-related decreases in gray matter volume compared to females in cross-sectional studies [19] . Sex differences are also apparent in cerebral white matter volumes. Compared to females, cross-sectional research reveals that males show evidence of greater white matter volumes in the corpus callosum in adolescence [19] .
Regional differences in brain volume Structural maturation of the brain proceeds in a coordinated regional pattern across development. In terms of gray matter loss, phylogenetically newer higher-order association areas such as the frontal lobe mature only after lower-order sensorimotor regions [20, 30] . Similarly, longitudinal studies demonstrate a rostro-caudal pattern of growth in white matter regions, such as the corpus callosum [31] . Sex differences in the age-related trajectories of regional volumes have been reported, with males showing linear changes in volume and females showing more curvilinear patterns in cross sectional samples [20] . Furthermore, subcortical regions show marked hemispheric effects during development, with males and females showing different longitudinal trajectories of change [35] .
Regional sex differences are most commonly reported in medial temporal lobe structures including the hippocampus and amygdala [14] . However, the evidence for sex differences in the hippocampus and amygdala has been mixed, with some studies reporting larger volumes in these regions in females [36] [37] [38] , others reporting larger volumes in males [22, [39] [40] [41] [42] , and still others showing no differences or attenuated differences between males and females after controlling for total brain volume [24, 43] . Two meta-analyses that encompass the lifespan demonstrated that uncorrected hippocampal and amygdala volumes were larger in males, but when controlling for total brain volume or intracranial volume, no reliable sex differences were found [44, 45] .
Despite the mitigation of sex differences in regional volumes after correcting for brain size, a number of large studies that control for total brain volume or intracranial volume have reported sex differences in hippocampal and amygdala volumes. In a large cross-sectional sample of 524 pre-pubertal and post-pubertal youth ages 10 to 22 years, pre-pubertal males and females had similar hippocampal volumes, whereas post-pubertal females showed larger hippocampal volumes than males after controlling for intracranial volume [46] . Notably, this effect was not apparent in the amygdala in this study. Conversely, another cross-sectional study showed that after controlling for intracranial volume in a sample of over 400 typically developing youth ages 8-30, males showed larger volumes in the amygdala compared to females [47] . Likewise, in a large cross-sectional sample of over 1000 youth, 3 to 21 years of age, Wierenga and colleagues showed that the hippocampus and amygdala were significantly larger in males than females even after controlling for intracranial volume [48] . Using a longitudinal sample of 711 neuroimaging scans from 275 youth aged 7-20 years, Goddings and colleagues found that males and females showed similar overall volume change in the amygdala with age but different growth trajectories. Amygdala volumes increased rapidly in females in early puberty before peaking and decreasing, while males showed increasing amygdala volumes throughout puberty [3] . Taken together, sex differences in medial temporal lobe volumes in youth may depend on age and stage of pubertal development.
In contrast, there is consistent evidence documenting sex differences in structural variability. For example, using a longitudinal design, Wierenga and colleagues found that males showed significantly greater variance than females in the hippocampus, pallidum, and putamen, above and beyond differences in mean volumes, and these differences in variance were stable across the developmental age range [48] (Fig. 1c) . Higher variance in males compared to females in the hippocampus, nucleus accumbens, amygdala, caudate, pallidum, putamen, and thalamus was also documented in the largest cross-sectional sample to date from the UK Biobank, which included over 5000 adults [24] . These differences in variance remained even after controlling for total brain volume or height [24] . Higher variability in brain volumes in males compared to females may make charting developmental trajectories in male youth more difficult.
Gray matter density In contrast to gray matter volume, gray matter density is distinct in that it is a unitless measure related to T1 signal intensity. Gray matter density maps are created by assigning voxels a value of 0 to 1 indicating the relative amount of gray matter in a particular voxel. This "soft segmentation" allows for a measure of the relative density of gray matter in a region, which is in contrast to a hard segmentation where each voxel is assigned to a single tissue type ("gray," "white," or "CSF"). During normative development, gray matter density has been shown to increase over the developmental period [21] .
Sex differences in terms of gray matter density are just beginning to be understood. Adult females have greater gray matter density than males across the cortex [23, 49] . In a large cross-sectional sample of youth ages 8 to 23 years, females showed higher mean gray matter density than males throughout the brain [21] (Fig. 2a) . Specifically, Gennatas and colleagues found that sex differences vary with age, with males and females showing no differences in gray matter density at 8 years of age. Females then began to show greater gray matter density across both cortical and subcortical regions soon thereafter [21] (Fig. 2b) . Thus, it appears that while females have smaller gray matter volumes than males, the density of these structures is higher. Longitudinal studies are needed to map sex differences in the developmental trajectories of gray matter density and to determine whether changes in volume precede and predict changes in density.
Cortical thickness Cortical volume is the product of cortical thickness and surface area. Cortical thickness refers to the combined thickness of the layers of the cerebral cortex in the human brain, while cortical surface area is a measure of the total area that the surface of the cortex occupies. Cortical thickness is generally a measure of the local or average distance between the white matter surface and the pial surface. The cerebral cortex in humans is comprised of a sheet of neurons with many folds (gyri and sulci) that vary in thickness between 1 and 4.5 mm, with a total average cortical thickness of around 2.5 mm [50] .
Cortical thickening begins around 10-15 weeks of fetal development and increases exponentially during the third trimester [51] . Although the specific trajectory of cortical thickness development is still debated, cortical thickness declines fairly dramatically during development [21, 52] (Fig. 3a) . Some studies report cubic trajectories in cortical thickness across development. For example, using a longitudinal study, Shaw and colleagues showed that the lateral frontal, lateral temporal, parietal, and occipital cortices were characterized by an initial increase in cortical thickness in childhood, a decline in adolescence, and then a stabilization phase in adulthood [53] . Other longitudinal studies report a curvilinear or inverted u-shape, with cortical thickness increasing in childhood, peaking in late childhood/early adolescence, and then declining later [27] . Mutlu and colleagues found evidence of constant, linear, quadratic, and cubic patterns of cortical thickness development, depending on the brain region examined in their longitudinal study [54] . Conversely, others do not find increases in cortical thickness in childhood and instead find evidence of primarily cortical thinning during this period [47, [55] [56] [57] or they find longitudinal increases in cortical thickness restricted to specific regions and more widespread cortical thinning elsewhere [58] . Such mixed evidence may be in part explained by interactions between the development of cortical thickness and sulcal topology. Specifically, in a large crosssectional sample of 932 youth, Vandekar and colleagues found that thicker sulcal cortex displayed linear thinning, whereas thinner gyral cortex displayed nonlinear patterns which included thickening prior to age 14 [59] .
Differences between males and females in terms of cortical thickness have been reported. In a cross-sectional sample of over 5000 adults from the UK Biobank, females showed greater cortical thickness across most regions in the brain [24] . Age-related changes in cortical thickness within structural covariance networks also vary substantially between males and females. For example, males display thicker parietal cortices at younger ages, but nearly equivalent cortices by adulthood in cross-sectional samples [60] ( Fig. 3b ). Using a cross-sectional sample from 7 to 87 years of age, Sowell and colleagues showed that females demonstrated thicker cortices in the right inferior parietal and posterior temporal areas compared to males, even after matching participants on age and total brain volume and after controlling for body size [15] (Fig. 3c) . However, the age at which peak levels of global cortical thickness are attained does not appear to differ between males and females [27] . Likewise, no sex differences were found in the trajectory of cortical thickness development with increasing age when examining lobes or the entire brain [27, 47] . Nonetheless, there is evidence that sex differences in regional cortical thickness may depend on age. In a cross-sectional sample of 6-10 year olds, older female youth showed greater cortical thickness than older males in the right insula and sensory areas [61] . Likewise, another cross-sectional developmental study revealed that male youth have greater cortical thickness in the insula, frontal lobe, and occipital lobe than females until adolescence, when this pattern reverses [21] . Thus, there is some evidence that cortical thickness may differ between females than males, but the direction of this effect depends on both age and the region examined.
Cortical surface area and gyrification Cortical surface area is distinct from cortical thickness, with only negligible genetic correlations between these two measures and high variability in phenotypic correlations [62] [63] [64] . Despite this, surface area undergoes a similar trajectory as cortical thickness during development, with surface area decreasing with increasing age. Specifically, a longitudinal study revealed an inverted ushaped trajectory of cortical surface area maturation, similar to cortical thickness, but the authors noted that surface area peaked later than cortical thickness [27] . Related to cortical surface area is gyrification, or the elaboration of the folded surface of the brain. Gyrification increases rapidly during the third trimester of fetal development allowing for substantial expansion of the cortical surface within the confines of the skull [51] . Throughout childhood and adolescence, there is evidence of a gradual decrease in brain surface complexity measured using gyrification indices [65] .
Sex differences are documented in cortical surface area and gyrification. In general, males show greater cortical surface area than females, even after controlling for total brain volume [24] ; Fig. 2 Developmental sex differences in gray matter density. a Although gray matter density is similar at age 8 in males and females, gray matter density increases more rapidly in females than males throughout adolescence. This differential rate of development results in females having higher gray matter density across the entire brain. b Sex differences vary with age, with males and females showing no differences at 8 years of age. Females then began to show greater gray matter density across many regions soon thereafter. All data adapted with permission from ref. [21] however, this was shown in a cross-sectional sample of adults. Leveraging a cross-sectional sample of 442 individuals ages 8 to 30 years, males showed larger cortical surface area up to age 15 compared to females [47] . Furthermore, in a large longitudinal sample of youth, females attained their peak cortical surface area earlier than males [27] . In terms of gyrification in adults, males showed greater cortical gyrification in most areas of the cortex; however, this pattern was attenuated and even reversed in some regions after controlling for cortical volume in a cross-sectional study [66] . In a cross-sectional sample of individuals ages 5 to 25 years, cortical gyrification was found to be significantly greater in typically developing males than females [67] . Furthermore, these sex differences in gyrification are apparent early in development. A study with 219 longitudinal neuroimaging scans collected from infancy to 2 years of age revealed that males have greater gyrification indices than females by the second year of life, even after controlling for total brain volume [68] . Overall, there is evidence of sex differences in both cortical surface area and gyrification.
SEX DIFFERENCES IN WHITE MATTER ORGANIZATION: DIFFUSION IMAGING
Diffusion imaging is a neuroimaging technique that uses information about the restriction of the movement of water molecules to estimate the location, orientation, and anisotropy (direction) of white matter tracts [69] . White matter tracts are composed of neurons and myelinated axons which increase the speed and transmission of electrical nerve signals [17] . Bundled myelinated axons allow for the diffusion of water molecules along their main direction but restrict diffusion radially along the tract. These different characteristics can be measured with diffusion imaging [69] . Unlike gray matter volume, which peaks between ages 8 to 10 [26] , white Fig. 3 Sex differences in cortical thickness in youth vary depending on brain region. a Global cortical thickness decreases over the developmental age range in both male and female youth (adapted with permission from ref. [21] ). b Age-related changes in cortical thickness within structural covariance networks vary substantially between males and females. For example, males display thicker parietal cortex at younger ages, but nearly equivalent cortex by adulthood (adapted with permission from ref. [60] ). c In a study spanning the lifespan from 7 to 87 years, cortical thickness evolved differently with age in males and females (adapted with permission from ref. [15] ) matter tracts continue to develop well into adulthood up until the late 30 s [70] .
Two commonly reported parameters of diffusion tensor imaging are fractional anisotropy and mean diffusivity. Fractional anisotropy describes the degree of anisotropy or the direction of the diffusion of water molecules. Fractional anisotropy has a value between 0 and 1, with zero indicating isotropic diffusion (unrestricted or equally restricted in all directions) and is linked to axon packing and myelination [69] . Mean diffusivity is a scalar measure of the total diffusion within a voxel and thus reflects water content and density in white matter [69] . Across childhood, adolescence, and young adulthood, nonlinear changes in these measures are apparent. Fractional anisotropy in white matter generally increases during development while mean white matter diffusivity decreases, with more rapid changes apparent at earlier ages [28, 71, 72] . Specifically, best fit curves for fractional anisotropy and mean diffusivity by age reveal that fractional anisotropy increases with age until adulthood and then declines thereafter, while mean diffusivity decreases during development and then begins to increase later in life [73] (Fig. 4a) .
There is evidence of differential development of white matter tracts in males and females. Males show higher fractional anisotropy and lower mean diffusivity in many regions compared to females in adulthood [24, [74] [75] [76] . An exception may be higher fractional anisotropy in females compared to males in parts of the corpus callosum [28, 77, 78] . Higher fractional anisotropy and lower mean diffusivity in males compared to females has been shown in youth as well [28, 73, 79, 80] (Fig. 4b) . Furthermore, these sex differences in white matter organization have been tied to hormonal levels. Greater testosterone in male youth predicts greater fractional anisotropy, whereas estradiol showed a negative relationship with fractional anisotropy in female youth [80] . However, findings are not uniform: cross-sectional studies either find that females show higher fractional anisotropy then males [81] or they do not find sex differences in fractional anisotropy in youth [82] . In a longitudinal sample of 128 youth 8-28 years of age, males showed lower levels of fractional anisotropy in childhood, equivalents levels in adolescence, and greater levels in adulthood when compared to females [71] . Such interactions between age and sex could explain the inconsistent sex differences observed by other studies. However, another longitudinal study in youth did not find sex differences in the development of white matter tracts [72] . These divergent results emphasize the need for larger diffusion imaging studies with longitudinal follow-up.
SEX DIFFERENCES IN PERFUSION: CEREBRAL BLOOD FLOW
Cerebral blood flow refers to the movement of blood through the vascular network that supplies the brain. Cerebral blood flow is closely tied to regional metabolism [83, 84] . Neural activity generates metabolic demands for oxygen and glucose, causing increased blood flow to the tissue. Cerebral blood flow is typically defined as the volume of blood that passes through a given amount of brain tissue per unit of time [83] . Originally, cerebral blood flow was measured with positron emission tomography (PET), which involves injecting radioactive tracers into the blood and measuring the signal as the tracers move through the bloodstream. However, the use of radioactive isotopes has made PET prohibitive to use in pediatric populations. Regional cerebral blood flow in the brain can be quantified noninvasively using arterial spin labeled (ASL) perfusion MRI [84] . ASL utilizes water in Fig. 4 Males show higher fractional anisotropy and lower mean diffusivity than females. a Best fit curves for fractional anisotropy (FA) and mean diffusivity (MD) by age reveal that FA increases with age until adulthood and then declines thereafter, while MD decreases during development and then begins to increase later in life (adapted with permission from ref. [73] ). b Male youth show higher fractional anisotropy and lower mean diffusivity than females in key regions (adapted with permission from ref. [80] ) arterial blood as an endogenous tracer. ASL leverages a simple fact of anatomy-all blood traveling to the head has to pass through the neck. By applying a magnetic pulse to the neck to tag water in arterial blood in transit, ASL allows the comparison of a tagged image with an untagged image to yield a quantitative measure of cerebral blood flow. Since ASL does not require the use of radioactive tracers like in PET, it is safe to use in studies of children.
The brain consumes approximately 20 percent of the body's energy balance [85, 86] , and receives 15% of its cardiac output, despite only representing 2% of body mass [87] . Blood flow in the brain has been shown to be higher in children compared to adults, with higher levels of blood flow coinciding with periods of rapid brain growth [86, 88] . During normative development, cerebral blood flow declines as youth progress through childhood and adolescence. Wang and colleagues used cross-sectional data to show that youth demonstrate 30% greater cerebral blood flow than adults and that cerebral blood flow decreased linearly with age [89] . Conversely, another cross-sectional study showed an inverted u-shaped trajectory where total cerebral blood flow increased from 7 months to 6 years of age and then declined thereafter [90] . However, these studies were limited by relatively small sample sizes. In a larger cross-sectional study of 202 children and adolescents, Taki and colleagues demonstrated that this nonlinear pattern varied on a regional basis, with a greater prominence of an inverted u-shaped pattern in many higher-order frontal and parietal regions [91] .
Additional evidence for nonlinear changes in blood flow during development was provided by a large cross-sectional study of 922 children, adolescents, and young adults ages 8-22 years [92] . Results demonstrated that gray matter cerebral blood flow showed a rapid decline in late childhood and early adolescence and then plateaued in mid-adolescence before showing a slight increase in early adulthood [92] . The greatest age-related declines in cerebral blood flow were seen in regions of the default mode network (posterior cingulate cortex, ventromedial prefrontal Fig. 5 Cerebral blood flow (CBF) shows marked developmental sex differences. a CBF declines in males (blue) until late adolescence, while CBF in females (pink) declines until mid-adolescence and then increases thereafter. b Age-related differences in CBF diverge in males (blue) and females (pink) with advancing pubertal development (a and b adapted with permission from ref. [92] ). c Higher anxious-misery symptoms in post-pubertal females are mediated in part by higher perfusion in the left amygdala (adapted with permission from ref. [120] ) cortex, inferior parietal lobule, and lateral temporal cortex) and the executive network such as the frontal pole and dorsolateral prefrontal cortex [92] .
Sex differences in cerebral blood flow are well-documented. Several studies have demonstrated that adult females show greater cerebral blood flow than males [93] [94] [95] [96] [97] . Taki and colleagues demonstrated that this difference is present even in adolescence, with females having higher blood flow in the posterior cingulate [91] . Males and females also differ in the trajectory of cerebral blood flow changes. Satterthwaite and colleagues demonstrated in a large cross-sectional sample of youth that males show a relatively linear decline in cerebral blood flow from age 8 to 22 years, while females initially show a similar decline until mid-adolescence when cerebral perfusion begins to increase [92] (Fig. 5a ). This curvilinear pattern in females was apparent across multiple regions of the brain, including the insula, hippocampus, thalamus, precuneus, posterior cingulate cortex, as well as the prefrontal, temporal, and parietal cortices. Sex differences in cerebral blood flow may be tied to pubertal development. Levels of cerebral blood flow were equivalent between males and females in early puberty, but then diverged around mid-puberty [92] (Fig. 5b) . Importantly, these marked perfusion differences between males and females suggest cerebral blood flow may be an important brain phenotype for understanding sex differences in normative and non-normative development. Finally, given the dearth of research that integrates structural and metabolic measures (like PET and ASL MRI), studies that investigate sex differences in precise metabolic markers for measuring glucose uptake, such as fluorodeoxyglucose (FDG) PET, will provide fertile ground for future research.
RELEVANCE FOR PSYCHOPATHOLOGY
There are marked sex differences between males and females in terms of the prevalence and clinical presentation of psychiatric disorders. Males demonstrate a greater prevalence of neuropsychiatric disorders such as autism, attention-deficit/hyperactivity disorder, Tourette's disorder, and conduct disorder [5, [98] [99] [100] . Conversely, females demonstrate a greater prevalence of depressive disorders, anxiety disorders, and eating disorders [6, 7, 11] . Although social factors are undoubtedly important, sex differences in brain development during the critical period of youth suggest that some of this differential risk for specific symptoms may be due to differential vulnerabilities of maturing brain circuitry. Below, we review relevant literature for a subset of disorders which have marked sex differences in their prevalence, including anxiety, depression, psychosis, and attention-deficit/hyperactivity disorder (ADHD).
Anxiety
Anxiety disorders are among the most prevalent mental health diagnoses, with an onset in childhood, a rapid increase in adolescence, and a lifetime prevalence around 25% [6, 101, 102] . Substantial sex differences in anxiety disorders have been shown worldwide [6] , with prevalence rates being almost two-fold greater in females than males across anxiety diagnoses [103] . Specifically, higher rates are seen in females than males in social anxiety disorder, generalized anxiety disorder, panic disorder, agoraphobia, specific phobia, and post-traumatic stress disorder [104] [105] [106] . Furthermore, sex differences in anxiety symptoms remain relatively stable or increase across the lifespan and are apparent regardless of socioeconomic status [107, 108] . Given marked sex differences in the prevalence of anxiety disorders, it is important to interpret studies on the neural substrates of anxiety symptoms in the context of these sex differences.
Neural circuits most commonly implicated in anxiety include the salience network, which involves the amygdala, insula, and anterior cingulate cortex, as well regions important for memory such as the hippocampus [109, 110] . However, the vast majority of neuroimaging studies in anxiety have focused on task-based brain activation measured with functional magnetic resonance imaging [111] [112] [113] . Evidence of differences in brain structure associated with anxiety has been less consistent. A meta-analysis of posttraumatic stress disorder studies showed evidence of frontallimbic and hippocampal structural abnormalities [114] . However, a review of structural imaging studies across multiple anxiety disorders revealed overall mixed results, with studies showing both increased and decreased regional volumes that varied across anxiety disorders and within single anxiety diagnoses [115] . Likewise, a mega-analysis of social anxiety studies was unable to replicate previously reported brain structure abnormalities in a number of regions [116] . In contrast, cerebral blood flow shows a more consistent relationship with anxiety. Prior research has demonstrated that anxiety symptoms are associated with greater regional cerebral blood flow in the insula, amygdala, as well as the prefrontal and temporal cortices [117] [118] [119] [120] . Thus, cerebral blood flow may be a potentially important brain phenotype for understanding sex differences in anxiety.
Sex differences in brain perfusion associated with anxiety symptoms have been reported. Under stressful conditions, males showed increased cerebral blood flow in the right prefrontal cortex and reduced perfusion in the left orbitofrontal cortex [121] . Conversely, females under the same stressful conditions showed increased cerebral blood flow in the ventral striatum, putamen, insula, and cingulate cortex [121] . In addition, harm avoidance (a personality trait associated with anxiety) is negatively correlated with cerebral blood flow in the anterior portion of the ventromedial prefrontal cortex in females but not in males [122] . However, these two studies focused on adults only. As noted earlier, females begin to show greater symptoms of anxiety and increased cerebral blood flow around puberty, suggesting that pubertal development is an important period for the emergence of sex differences in affect and perfusion. Amygdala perfusion in particular has been shown to be an important contributor to sex differences in anxious-misery symptoms, which is a combination of anxiety and depressive symptoms. In a large sample of 875 youth, higher anxious-misery levels in post-pubertal females were mediated in part by higher perfusion in the left amygdala ( Fig. 5c ; [120] ). This suggests that greater anxious-misery symptoms in female youth may be driven by excess perfusion in affective brain regions.
Depression
As with anxiety, females show higher levels of depressive symptoms than males, which becomes more pronounced in late adolescence [101, 103] . By adulthood, the prevalence of major depressive episodes is almost two times higher in females than males worldwide [103, 123] . Among those with depressive symptoms, sex differences in clinical presentations are present. Females endorse more traditional internalizing symptoms of depression while males report greater symptoms of anger/ aggression, substance abuse, and risk-taking behaviors [124, 125] . Additionally, although females have higher rates of suicide attempts [124] , males have a higher risk of completed suicide due to the use of more lethal means [126] . Given that the higher prevalence rates of depression in females are fairly consistent worldwide [103] and are stable regardless of different socioeconomic conditions [127] , this suggests the possible existence of biological vulnerabilities.
There is an extensive literature on the neurobiological mechanisms associated with depressive symptoms. Early research suggested that major depressive disorder was characterized by para-limbic circuit abnormalities; however, this work was limited by small sample sizes. Compared to healthy controls, metaanalyses have found that individuals with major depressive disorder have smaller volumes in the hippocampus, amygdala, striatum, bilateral insula, dorsolateral prefrontal cortex, temporal, and parietal cortices, as well as the dorsomedial and ventromedial prefrontal cortex including the anterior cingulate cortex [128] [129] [130] [131] [132] . Furthermore, diffusion tensor imaging studies reveal reduced anisotropy in the frontal and temporal lobes and tracts of those with mood disorders [133] [134] [135] . However, the majority of these studies focused on adult populations. Using a longitudinal design in those 12 to 18 years of age, Whittle and colleagues showed that volume alterations in the hippocampus, amygdala, and putamen from early to mid-adolescence were associated with depression onset [136] . Thus, the neural abnormalities associated with depression may become apparent in adolescence.
Whether the neurobiological patterns associated with depressive symptoms differ between males and females is less clear. Schmaal and colleagues conducted a recent meta-analysis that did not find sex by diagnosis interactions for any subcortical brain volumes [130] , similar to prior cortical volume and diffusion imaging meta-analyses [132, 134] . Other meta-analyses did not test for sex differences [128, 129] . Conversely, one meta-analysis of gray matter volume differences in major depressive disorder reported smaller prefrontal cortex volumes in studies with fewer male patients [131] ; however, it is unclear whether this is due to differences in global brain size between males and females. In terms of adolescent samples, Whittle and colleagues found divergent patterns of brain development between males and females in a longitudinal study of youth with depressive symptoms. The authors found that depression was associated with greater amygdala growth in females but attenuated growth in males [136] . Furthermore, depressive symptoms were also associated with smaller nucleus accumbens volumes over time in females but not males [136] . The relative sparsity of focused studies emphasizes that research on sex differences in brain development in youth with depressive symptoms is an important area for future work.
Psychosis
Although large epidemiological studies do not reliably find substantial differences between males and females in terms of the overall prevalence of psychosis [137, 138] , sex differences have been reported in the clinical presentation and outcomes of psychotic disorders. Females show a slightly later age of onset for psychosis symptoms in young adulthood and show a second peak of onset between 45 and 50 years [139] , while early onset psychosis (before age 18 years) is more common in males [140] . Affective symptoms are more commonly reported in females with psychosis spectrum disorders while negative symptoms are more common in males [141, 142] . Furthermore, males with a diagnosis of schizophrenia are at higher risk of suicide, have more hospitalizations, experience longer hospital stays, and show worse social functioning than females with the same diagnosis [143] [144] [145] . Given these sex differences in clinical presentation, it is possible that psychosis-spectrum symptoms in males and females are linked to different brain abnormalities as well.
The relationship between psychosis and brain development has been widely studied. One of the most consistent results is the finding of smaller brain volumes in both adults and youth with psychosis symptoms compared to healthy controls [146] [147] [148] [149] . In terms of regional volumes, multiple meta-analyses and large scale studies have shown that psychosis is most commonly associated with reduced volumes in the hippocampus, insula, anterior cingulate, superior temporal gyrus, medial temporal lobe, caudate, thalamus, amygdala, and accumbens [148] [149] [150] [151] , with volume reductions in the caudate nucleus and thalamus being more pronounced in antipsychotic-naïve individuals than those on medication [149] . Using advanced multivariate analysis tools and data from 440 patients with schizophrenia and 501 controls, Rozycki and colleagues found a pattern of widespread regional gray matter volume reductions in regions such as the medial prefrontal, temporolimbic, and peri-Sylvian cortex, as well as enlargement of the ventricles and pallidum [152] . Beyond volumetric measures, similar regions also show reduced gray matter density in psychosis including bilateral insular cortex, anterior cingulate, left parahippocampal gyrus, left middle frontal gyrus, post-central gyrus, and thalamus [153, 154] .
A number of studies report on sex differences in regional volumes associated with psychosis. Meta-analytic studies reveal that males with psychosis symptoms show smaller intracranial volumes [149] and demonstrate more severe gray matter volume deficits in the insula, thalamus, and medial frontal cortex compared to females with psychosis [150] . Other metaanalyses find smaller accumbens and amygdala volumes in psychosis samples with larger proportions of males than females [148] . In regards to white matter, Bora and colleagues found no evidence of sex differences in white matter volumes or white matter tracts in those with psychosis [150] . Likewise, a metaanalysis of white matter microstructural integrity in the corpus callosum found that the effect size between patients with schizophrenia and controls was larger in females than males in this region, but the difference between females and males did not reach significance [155] . Notably, the majority of the participants included in these meta-analyses were adults. Studies on the impact of psychosis on brain development show volume reductions, although attenuated, in similar regions associated with first-episode psychosis or youth at clinical high-risk for developing psychosis [140, 147, [156] [157] [158] [159] . However, sex differences in brain regions associated with psychosis may not be as prominent in studies with youth. In a meta-analysis of longitudinal MRI studies in children and adolescents with early onset psychosis, the proportion of males in each study was not found to significantly impact regional brain volume effect sizes [140] . Likewise, a longitudinal sample of youth with childhood-onset schizophrenia found no sex differences for either cortical thickness or subcortical volumes [160] . Moving forward, it will be important for future research to determine when sex differences in regional volumes emerge during development in youth at risk for psychosis symptoms.
Attention-deficit/hyperactivity disorder Sex differences in externalizing symptoms have been widely reported. On average, male youth report greater externalizing behavior than females [161] . Epidemiological studies demonstrate that male youth show a greater prevalence of disorders including conduct disorder and attention-deficit/hyperactivity disorder (ADHD) [5, 98] . Sex differences in ADHD have been widely reported, with males showing a prevalence rate that is 2.4 times greater than females, which persists into adolescence [12] . However, some researchers have suggested that there exists a "gender paradox" that results in more impairment and worse outcomes in females with ADHD, despite their lower prevalence rates in youth [162] . This may be due in part to the reduced rates of identification of ADHD in females [10] or to the greater exposure to genetic and environmental risk factors necessary in order for females to develop the condition [163] . Thus, sex differences provide an important clinical context for the development of ADHD.
A large number of studies examining the neurobiological mechanisms underlying externalizing symptoms have focused on ADHD. Individuals with ADHD show evidence of smaller global brain volumes, especially in the prefrontal cortex [164] [165] [166] [167] [168] . Regional volumetric reductions associated with ADHD also include smaller basal ganglia, striatum, cerebellum, as well as smaller parietal and temporal cortices [164, 165, 168] . Smaller volumes in frontal regions and the striatum in particular are thought to be a central feature of ADHD, implicating a compromised frontalstriatal network associated with this disorder [164] . Abnormal development of cortical thickness has also been reported. Makris and colleagues found that adults with ADHD showed greater cortical thinning in regions associated with attention and executive functioning including the inferior parietal lobule, dorsolateral prefrontal cortex, and anterior cingulate cortex [169] . However, many of these studies relied on cross-sectional samples. Using longitudinal designs, development of the prefrontal cortex in terms of cortical thickness and surface area has been shown to be delayed in youth with ADHD [170, 171] , which persists from childhood to adulthood [172] . Additionally, metaanalyses of diffusion tensor imaging studies in ADHD find decreased fractional anisotropy in tracts linking cognitive control and attentional networks [173] .
In contrast to the large number of neuroimaging studies in those with ADHD, studies of sex differences in brain abnormalities associated with ADHD are less common. Notably, the majority of studies on brain development in ADHD do not test for sex differences, typically as a result of lack of power due to the small sample sizes of females. The underrepresentation of female youth in these studies makes it difficult to determine whether sex differences are apparent in brain development in ADHD. Of the small number of studies that test for sex differences, Mahone and colleagues showed that female youth with ADHD showed reduced gray matter volume in left lateral premotor cortex; while males showed reduced white matter volume in left medial prefrontal cortex [174] . In a sample of 226 youth ages 8 to 12 years old, Dirlikov and colleagues found that female youth with ADHD showed widely distributed reductions in prefrontal cortex surface area while reduced surface area was restricted to the right anterior cingulate and left medial prefrontal cortex in males with ADHD [175] . Furthermore, male youth with ADHD showed reduced total premotor cortex surface area while females did not [175] . Others do not find differences between male and female youth with ADHD in terms of developmental growth patterns in brain volumes [166] or cortical thickness [172] . Given that female youth are underrepresented in studies on ADHD [164, 165] , this highlights the need for future work to include sufficient numbers of females in order to evaluate sex differences.
FUTURE RESEARCH DIRECTIONS
Taken together, the existing literature suggests that sex differences in brain structure, organization, and perfusion are present across the lifespan, and may evolve dynamically during youth. Dissimilarities between males and females are seen in structure, such as volume, gray matter density, cortical thickness, cortical surface area, and gyrification, as well as in the organization of white matter tracts and in cerebral blood flow. There is some evidence that these differences emerge at different times in males and females. These differences are consistent with the robust findings of dissimilarities in symptom prevalence and clinical presentation in males and females in psychiatric disorders, and suggest a possible developmental mechanism for the emergence of such symptoms. However, as highlighted below, there are several outstanding gaps in the literature which could be profitably filled by future research.
Prior work on sex differences in brain development has been limited by small sample sizes and unbalanced groups. While small sample sizes were pervasive in early neuroimaging research, larger samples are increasingly becoming more common. However, sample size continues to be relevant to sex differences research, as examining differences between males and females effectively cuts one's power in half. This is particularly challenging in studies of brain development that are not just examining main effects of sex but attempting to chart sex differences across a range of ages. Likewise, sex difference analyses are sometimes conducted as an afterthought in highly unbalanced groups of males and females. Imbalance is most common in studies where strong sex differences in prevalence rates are apparent, for example, in studies of ADHD. Given the higher variability often seen in the smaller group, if uncorrected, imbalance has the potential to reduce power and potentially yield spurious results if Type I error is not adequately accounted for. Such concerns about power and imbalance are beginning to be mitigated by the rise of large-scale studies of brain development that are publicly available. These include resources such as the NKI-Rockland Sample [176] , the Philadelphia Neurodevelopmental Cohort [177] , the Pediatric, Imaging, Neurocognition, and Genetics study [178] , the Human Connectome Project-Lifespan studies [179] , the Healthy Brain Network [180] , and the Adolescent Brain Cognitive Development Study [181] .
Future work on sex differences in brain development would also benefit from moving beyond cross-sectional designs, which rely on collecting data at one time point in multiple age bins. Cross-sectional studies are limited in their ability to make claims about age-related changes due to potential confounding of developmental processes with cohort measurement error [71] . Longitudinal studies that track developmental processes in the same individuals over time have become more commonplace in recent years. Such studies can model linear and non-linear changes across development with greater confidence that such changes are not due to spurious cohort differences. Although longitudinal designs are more time-consuming and expensive than cross-sectional studies, the advantage of being able to measure temporal changes while controlling for cohort variation is rapidly making longitudinal designs the gold-standard for research on developmental processes [182] .
Prior developmental work has also been limited by studies that sample a restricted age range. Development is a dynamic period which does not necessarily progress at the same time in different individuals [183, 184] . The onset of puberty, for example, is later in males than females [22, 185, 186] . Pubertal maturation and changing levels of hormones may be important factors that contribute to sex differences in brain development [2, 3, 184, 187, 188] . Puberty is characterized by the influx of hormones, with testosterone and estradiol increasing in both males and females, but males show greater testosterone and females show higher estradiol levels relative to each other [184] . However, although sex differences in the timing of brain development have been reported (e.g., cortical surface area peaks earlier in females than males), it remains unknown if these differences are specifically related to pubertal development. Thus, future work will benefit from capturing neurobiological changes associated with puberty in both sexes using longitudinal designs. Given the potential importance of pubertal development on sex differences in the brain, additional studies are needed that also examine the role of hormonal correlates of brain development and how these effects may differ in males and females.
Additionally, a limitation specific to the psychopathology literature reviewed is the reliance on categorical diagnoses analyzed using case-control designs (e.g., a disordered group vs. control group) rather than using dimensional symptoms. Dimensional measures may be advantageous over categorical approaches because they capture the full spectrum of symptoms including subthreshold symptoms, which are typically disregarded in case-control studies. Dimensional measures are also more representative of the actual presentation of clinical symptoms in the population, which exist on a continuum from healthy to disordered. Notably, measuring the full range of symptoms will require sampling a larger number of individuals instead of only recruiting those with either clinically significant or very low levels of the symptoms of interest. There is a reproducibility crisis in psychiatric neuroimaging research, which may be due in part to the tendency for neuroimaging studies to recruit highly selective samples that are not representative of the population and that under-sample individuals with common comorbidities [189] . Adding to this challenge is the realization that sex differences may modify the dimensional substructure of psychopathology, as well as the magnitude, direction, and/or spatial distribution of brain-behavior relationships. Thus, as a result of having such a large potential search space, it will be important for researchers to carefully document the rationalization for the analyses they run, to avoid capitalizing on chance findings. Although this concern is not exclusive to psychiatric neuroimaging, it exemplifies the need to re-conceptualize psychopathology study design and analysis approaches in order to increase the reliability of neuroimaging findings.
One potential obstacle to research regarding sex differences is that it is usually impossible to disentangle biological sex differences from those which could be the result of environmental influences during development (e.g., differences in the social milieu). However, studies of sex chromosome aneuploidy allow for the impact of varying levels of sex chromosome doses (XX, XY, XXX, XXY, XYY, XXYY, XXXXY) to be measured. In one such study, Mankiw and colleagues found differences in cerebellar volumes as a function of sex and sex-chromosome aneuploidy [190] . Importantly, the authors developed a novel allometric method to correct for total brain volume effects. In contrast to traditional total brain volume correction methods that assume linear scaling which may invert or exaggerate subcortical sex differences [190] , allometric scaling uses normative scaling rules to help us compare the size of one region to the size of the whole brain across individuals with different sized brains. Allometric norms allow researchers to distinguish whether sex differences in brain volume result from regional differences in scaling or if these differences represent deviation from the norm given differences in total brain size. Using such scaling, the authors found that cerebellar subcomponents were sensitive to sex and sex chromosome dose, suggesting a novel method for accounting for global sex differences in brain size beyond simply adding total brain volume or intracranial volume as a covariate [190] .
Finally, although there are group average differences between males and females in terms of brain development, no assumptions should be drawn from these differences in terms of the relative capacities of males or females. Importantly, we do not suggest in this review that the human brain is "sexually dimorphic," which implies that male and female brains are distinct. Rather, the high degree of overlap between distributions of males and females argues against a dimorphic view of the human brain. For example, in the largest structural MRI sample to date (over 5000 adults), the authors note that there was a large degree of overlap between males and females on all brain measures assessed [24] . A lack of distinction between the distributions of males and females suggests that individual differences may be especially important. As noted in previous work, the human brain consists of a "mosaic" of features, with the relative proportion of male, female, and unisex attributes varying substantially between individuals [191] . Thus, future work would benefit from exploring interactions with sex to better understand the individual differences that contribute to the high degree of overlap between males and females.
Taken together, relative to the number of neuroimaging studies on brain development, historically there has been much less emphasis on studies examining sex differences in the brain [192] . Prior assumptions that sex differences are negligible or inconsequential are rapidly changing [191, 192] . Given the increasing interest in precision medicine, it is critical that we understand differences in brain structure, organization, and perfusion in males and females. Recognizing the need for a programmatic approach to stimulate sex differences research, the National Institutes of Health's strategic research priorities currently emphasize the importance of understanding sex differences in health and disease [193] . In particular, research focused on developmental sex differences has the potential to advance our understanding of the many psychiatric disorders that show prominent disparities and emerge during youth.
